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(57) ABSTRACT 

In a circuit arrangement for the dimmable operation of a 
fluorescent lamp at the operating frequency (f1), having an 
apparatus for Switching the operating frequency (f1) on and 
off at a dimming frequency (f2), the pulse width (W2) of the 
dimming frequency (f2) being variable, and where f2<f1, it 
is provided that the fluorescent lamp current is Simulta 
neously adjustable by the apparatus by the Supply Voltage 
being Switched on and off at a Switching frequency (f3) with 
a variable pulse width (W3), where f3>f1. 

24 Claims, 5 Drawing Sheets 
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CIRCUITRY FOR DIMMING A 
FLUORESCENT LAMP 

FIELD AND BACKGROUND OF THE 
INVENTION 

The invention relates to a circuit arrangement for the 
dimmable operation of a fluorescent lamp, in particular for 
use in motor Vehicles as instrument lighting. The prior art 
discloses corresponding circuit arrangements in which the 
fluorescent lamp is operated at an operating frequency. The 
effect achieved by the Switching-on and -off of the operating 
frequency with an apparatus and thus the lamp at a dimming 
frequency which lies above the Visual frequency of the 
human eye, is that the human eye is given the impression 
that the fluorescent lamp has a different brightness, depend 
ing on the pulse width of the dimming frequency. In order 
to adjust the lamp current through the fluorescent lamp, it is 
necessary either to provide an additional regulator or to use 
a resonant circuit which is Stabilized in a complicated 
manner. The object of the invention, therefore, is to Specify 
a circuit arrangement for dimming a fluorescent lamp which 
is constructed in a simple manner. 

SUMMARY OF THE INVENTION 

This object is achieved by virtue of the fact that by means 
of the apparatus which Switches the operating frequency on 
and off at the dimming frequency, the Supply Voltage can 
Simultaneously be Switched on and off at a Switching fre 
quency and the lamp current is thereby adjustable, the 
Switching frequency being greater than the operating fre 
quency. 

As a result of the refinement of the circuit with a push-pull 
converter for generating the operating frequency, a simply 
constructed functional realization of oscillator and regulator 
is achieved. 

A push-pull converter constructed in a particularly Simple 
manner is realized by a resonant circuit comprising a capaci 
tance element and an inductance element, Said resonance 
circuit being connected to a first pole of the Supply Voltage. 
Furthermore, the resonance circuit can be alternately con 
nected via two switches directly or via a third switch to the 
Second pole of the Supply Voltage. In this case, the two 
Switches are connected by a respective terminal to the 
terminals of the capacitance element and/or of the induc 
tance element. In this circuit, the fluorescent lamp may 
either be arranged in parallel with the inductance element 
and/or capacitance element or be Supplied with the operating 
frequency via a transformer, the primary winding of the 
transformer advantageously forming the inductance element 
of the resonant circuit. 

The use of electronic Switches Such as e.g. transistors or 
field-effect transistors constitutes a cost-effective Solution 
for the Switches. 
A circuit arrangement with few components is realized by 

a circuit arrangement as claimed in claim 5. 
The circuit arrangement as claimed in claim 6 specifies a 

particularly effective arrangement for regulating the lamp 
current which is nevertheless constructed in a simple manner 
and with few components. 
The positive feedback device in the form of a coil applied 

to the Same coil former as the inductance element can be 
produced in a simple manner and at the same time as the 
inductance element. 

By virtue of the fact that the lamp-current desired value is 
predetermined as a function of the temperature of the 
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2 
fluorescent lamp or of the Surroundings, a minimum bright 
neSS is achieved even at low temperatures. 

Circuit arrangements according to the invention which are 
constructed in a particularly simple manner are Specified in 
claims 9 and 12. The circuit can be realized with a low 
outlay on components particularly when a microprocessor is 
used for the control device, which microprocessor may even 
already be present for other tasks, for example in a combi 
nation instrument of a motor vehicle, and the brightness 
control according to the invention is used for the instrument 
lighting. Of course, the circuit can also be realized with a 
Separate microprocessor or by means of Switching gates. 
A circuit arrangement in which the operating frequency of 

the fluorescent lamp approximately corresponds to the reso 
nant frequency of the resonant circuit results in a virtually 
Sinusoidal operating frequency with few harmonics. This 
reduces interference that may issue from the circuit, and thus 
increases the electromagnetic compatibility of the circuit. 
AS a result of the two Switches being simultaneously 

Switched on and subsequently off b before or at the begin 
ning of the pulse train intermission, the current contained in 
the resonant circuit can be short-circuited and persistence of 
the fluorescent lamp can thus be reliably prevented. Insert 
ing a Series inductor between one pole of the Supply Voltage 
and the resonant circuit makes it possible for the current 
through the circuit to be additionally Stabilized and kept 
Sinusoidal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in more detail below with 
reference to the figures of the drawings for three possible 
embodiments. In the figures 

FIG. 1 shows a first circuit with a push-pull converter, 
FIG. 2 shows individual profiles of state variables of the 

circuit from FIG. 1, 
FIG. 3 shows a second circuit with a push-pull converter, 
FIG. 4 shows individual profiles of state variables of the 

circuit from FIG. 3, 
FIG. 5 shows a third circuit with a push-pull converter, 

and 

FIG. 6 composed of FIGS. 6a and 6b, shows individual 
profiles of the state variables of the circuit from FIG. 5. 

BRIEF DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The push-pull converter from FIG. 1 has a resonant circuit 
comprising the capacitor C and the coil L, which resonant 
circuit is connected directly to the positive Supply Voltage 
and can be alternately connected via the transistors S1, S2 to 
the ground potential via the Series inductor LV and the 
transistor S3. The description below assumes that the tran 
Sistor S3 is Switched on, and that is to Say that the transistors 
S1, S2 are connected to the Second pole of the Supply 
voltage. The voltage is fed back positively by the coil L1, 
which is wound on the same coil former as the coil L, and 
the AC voltage that occurs alternately turns the transistors 
S1, S2 off at the oscillation frequency of the resonant circuit. 
The operating point of the two transistors S1, S2 is set by 
way of the resistor R. The resonant circuit oscillates at its 
resonant frequency ()=1:VLxC, where L represents the 
inductance of the coil and C the capacitance of the capacitor 
C. The resonant circuit transferS its energy via the 
transformer, which is formed from the coils L., L1 and L2, 
to the lamp circuit, which also has the fluorescent lamp KL, 
the impedance Z and a shunt SH in addition to the coil L2. 
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The voltage is tapped off between the fluorescent lamp KL 
and the shunt SH and sent to the rectifier G. The rectified 
Voltage U1 is applied to the inverting input the comparator 
K. A Sawtooth-waveform Voltage U2 at the frequency 
f3=1:T3, the profile of which is illustrated in FIG. 2b, is 
applied to the positive input of the comparator. Depending 
on the lamp current IL and the Voltage consequently estab 
lished across the shunt SH, the pulse width W3 of the 
Square-wave Voltage U3 at the frequency f3 present at the 
output of the comparator K1 is altered. 

The higher the lamp current is, the shorter the pulse width 
W3 of the square-wave voltage becomes. In FIG. 2c, the 
Switched-on and -off duration of the pulses illustrated is 
identical. 

If the lamp current IL becomes larger, pulse width W3 
becomes Shorter, and correspondingly longer with a Smaller 
current. The specification of the desired value of the current 
can be set by the level of the triangular-waveform Voltage in 
FIG. 2b. The output voltage U3 of the comparator K1 is 
passed to an input of the AND element A, while the dimming 
frequency f2 with the voltage profile U4 is applied to the 
second input of the AND element A(FIG.2a). The dimming 
frequency f2 has a rectangular waveform and its pulse width 
W2 is likewise variable. The pulse width W2 of the dimming 
frequency f2 determines the Switched-on duration of the 
push-pull converter and thus of the fluorescent lamp KL, as 
will be described in even more detail below. The pulse width 
W2 of the dimming frequency f2 is adjustable e.g. either 
automatically as a function of the ambient brightness or 
manually depending on the desired brightness of the fluo 
rescent lamp KL. 

The voltage U5 is present at the output of the AND 
element A: Said Voltage has Switching pulses having the 
pulse width W3 at the Switching frequency f3 during the 
pulse width W2 of the dimming frequency f2. Consequently, 
the transistor S3 is turned on during the Switching pulses 
with the pulse width W3. The transistor S3 is switched on by 
the first pulse with the pulse width W3 during a pulse width 
W2 of the dimming frequency f2. During this time, the 
current IB can flow from the supply voltage source+UB into 
the resonant circuit. The resonant circuit begins to oscillate 
at its resonance frequency. When the transistor S3 turns off 
after the first pulse having the pulse width W3 at the instant 
t2, the resonant circuit continues to oscillate and the current 
Stored in the resonant circuit flows back into the resonant 
circuit through the Series inductor LV and the diode D, 
connected as a freewheeling diode, but decreases corre 
spondingly. 

With the next switching pulse having the pulse width W3 
at the instant t3, the transistor S3 Switches on again: current 
can again flow from the Supply Voltage Source+UB into the 
resonant circuit and the current IB increases during the 
Switched-on duration. 

The current thus fluctuates about its mean value IM (FIG. 
2f) during the pulse width W2 of the dimming frequency f2. 
With an increasing or decreasing pulse width W3, the 
current IB is correspondingly increased or decreased, 
respectively, and the lamp current IL correspondingly via the 
transformer. If the pulse width W2 of the dimming fre 
quency f2 has ended and the last pulse of the pulse train 
having the frequency f3 has been applied to the transistor S3 
at the instant tak, the transistor S3 is turned off during the 
intermission time P of the frequency f2. The oscillation of 
the resonant circuit decays on account of Said circuit's 
loading by the lamp KL and inherent losses, the currents IB 
and IL become 0 again and the fluorescent lamp extin 
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4 
guishes. With the beginning of the next pulse at the dimming 
frequency f2, it begins to illuminate again as described 
above. Since the dimming frequency f2 lies above the 
human visual frequency, to the human eye the fluorescent 
lamp appears to have different brightnesses, depending on 
the pulse width W2. 

Given a Sufficiently large Supply Voltage, the fluorescent 
lamp KL can also be arranged in the primary circuit e.g. in 
parallel with the capacitor C, it thereby being possible to 
dispense with the Secondary coil L2. Furthermore, the 
Voltage for the rectifier G can also be tapped off via a shunt 
in the primary circuit. 
The circuit from FIG. 3 likewise has a resonant circuit 

comprising the capacitor C and the coil L, which circuit is 
connected to the positive Supply Voltage and can be alter 
nately connected to the ground potential via the transistors 
S4, S5. The control device SE is connected to the base of the 
transistors S4, S5 via a respective control line SL1, SL2. 

Via the control lines SL1, SL2, the transistors S4, S5 are 
alternately driven with the pulse trains at the Switching 
frequency f3 during the pulse width W2 of the dimming 
frequency f2 (FIG. 4a), the duration T5 of the individual 
consecutive pulses for a transistor S4, S5 amounting to half 
the oscillation duration T1 of the resonant circuit (FIGS. 4b, 
c). The resonant circuit thus has the frequency f1=1:T1 
impressed on it (FIG. 4d). 

Provided that the frequency f1 is equal to the resonant 
frequency of the resonant circuit, the resonant circuit oscil 
lates virtually sinusoidally, with the result that only small 
interfering harmonics occur. Therefore, it is likewise advan 
tageous if the oscillation duration T of the resonant fre 
quency is an even multiple of the oscillation duration T3 of 
the Switching frequency f3. 

In FIG. 4, the oscillation duration T1 of the resonant 
circuit corresponds to four times the oscillation duration T3 
of the individual pulses. The mean current IM in the primary 
circuit and thus also the lamp current IL in the Secondary 
circuit are set by means of the pulse width W3 of the 
individual pulses. 

Provided that the two transistors S4, S5 are turned on 
Simultaneously at the end of the dimming pulse at the instant 
t5 (FIG.2b, c), the current present in the resonant circuit is 
Short-circuited, with the result that it decreaseS rapidly to a 
Zero point and the fluorescent lamp KL thus Switches off 
without uncontrolled persistence. 

The dimming frequency f2 is present internally only in the 
control device SE. Its pulse width W2 determines the 
Switched-on duration of the resonant circuit and thus the 
Switched-on duration of the fluorescent lamp KL. The circuit 
illustrated in FIG. 3 corresponds to an open-loop controller. 
For this purpose, it is possible to Store individual pulse width 
values W2 of the dimming frequency f2 for different desired 
brightnesses and/or operating temperatures in the Storage 
devices which are present directly in the control device SE 
or can be accessed by the control device SE. 

It is also possible to construct a closed-loop controller e.g. 
by measuring the currents IB or IL and correspondingly 
correcting the lamp current. 

FIG. 5 shows a fluorescent lamp KL connected to the 
Secondary circuit L2 of a transformer via a high-voltage 
capacitor Z. The transformer is energized in its primary 
circuit L by two MOSFET transistors S6 and S7 which 
Switch in a push-pull manner and are driven by a control 
device SL, the primary circuit L of the transformer simul 
taneously being connected to the operating Voltage U. In 
this case, each gate G of the transistorS S6, S7 is connected 
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to the control device SL. The drain D of each transistor S6, 
S7 leads to the primary winding L of the transformer, the 
Sources S of the MOSFET transistors S6, S7 jointly leading 
to a grounded shunt resistor R1. 

The control device SL processes a voltage drop acroSS the 
shunt resistor R1 as input Signal. The Voltage drop is fed to 
the inverting input of a comparator K, to whose non 
inverting input a reference Voltage U. With a constant 
value is applied. The output of the comparator K is con 
nected to the control device SL. 

The function of the driving of the cold-cathode fluores 
cent lamp KL is explained below with reference to FIGS. 6a 
and b. In this case, the following are plotted against time 

Signal 1 Drive signal at the MOSFET transistor S6 
Signal 2 Drive signal at the MOSFET transistor S7 
Signal 3 Current through the cold-cathode fluorescent 

lamp KL 
Signal 4 Voltage acroSS the cold-cathode fluorescent lamp 

KL 

The two MOSFET transistors S6, S7 are successively 
driven once with a pulse 1 in each case. The resonant circuit, 
comprising the Secondary coil L2, the high-voltage capacitor 
Z and the fluorescent lamp KL, is consequently activated. 
The resonant circuit decays exponentially (cf. Signal 4, point 
2). The gas in the cold-cathode fluorescent lamp KL may be 
ionized and organized in this time. A specific time after the 
initial activation of the resonant circuit, for example after 80 
usec, the transistorS S6, S7 are continuously driven recip 
rocally (signals 1 and 2, point 4). Starting from this point in 
time, the cold-cathode fluorescent lamp KL immediately 
emits light (as can be inferred from Signal 4 at point 3). 
The control device SL drives the MOSFET transistors S6, 

S7 in a pulsed manner (FIG. 6a, signals 1 and 2). The current 
flowing through the MOSFET transistors S6, S7 is measured 
as a Voltage drop acroSS the shunt resistor R1 and evaluated 
by the comparator K2, which outputs a low or high Signal 
depending on whether or not the measured Voltage exceeds 
the reference value. The output signal of the comparator K2 
is logically combined with the Signal 1 in the control device 
SL. The result of this is that the MOSFET transistors S6, S7 
are turned on or turned off during the driving by the control 
logic unit in time with the output Signal of the comparator K. 

After the desired number of drive pulses, the two MOS 
FET transistors S6, S7 are driven simultaneously, as 
revealed in FIG. 6b, signals 1 and 2 at the instant 5. As a 
result of this, the energy is abruptly drawn from the resonant 
circuit L2, Z, KL and the light emission of the cold-cathode 
fluorescent lamp terminates immediately. 

This apparatus has the advantage that the flicker-free 
operation of the fluorescent lamp L is achieved just by the 
special driving of the MOSFET transistors S6, S7. Extensive 
control circuits of the kind that are otherwise customary can 
be dispensed with. 
We claim: 
1. A circuit for the dimming of a fluorescent lamp which 

operates at a specific operating frequency (f1), comprising: 
an apparatus for Switching the fluorescent operation on 

and off in a pulsed dimming pattern at a dimming 
frequency (f2), a pulse width (W2) of the pulsed 
dimming pattern being variable, and the dimming fre 
quency (f2) being less than the operating frequency 
(f1); and 

a pulse-width modulator for adjusting a fluorescent lamp 
current by Switching a Supply Voltage on and off at a 
Switching frequency (f3) with a variable pulse width 
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6 
(W3), the Switching frequency (f3) being greater than 
the operating frequency (f1). 

2. The circuit as claimed in claim 1, further comprising a 
push-pull converter for energizing the lamp at the operating 
frequency (f1). 

3. The circuit as claimed in claim 2, further comprising a 
first Switch and a Second Switch, wherein the push-pull 
converter has a resonant circuit with a capacitance element 
and an inductance element (L); 

wherein the resonant circuit is connected to a first pole of 
a Supply Voltage Source of the Supply Voltage; 

wherein the resonant circuit is connected alternately via 
the first and the second switches (S1, S2, S4, S5), which 
are each connected between a terminal of the induc 
tance element (L) and/or of the capacitance element 
(C), and a Second pole of the Supply Voltage Source 
directly or via a third Switch (S3); 

wherein respective ones of the first and the Second 
Switches (S1, S2, S4, S5) are connected to respective 
terminals of the inductance element (L) and/or of the 
capacitance element (C); 

wherein the fluorescent lamp (KL) is arranged in parallel 
with the inductance element (L) and capacitance ele 
ment (C) or is Supplied with electric power at the 
operating frequency (f1) via a transformer, a primary 
winding of the transformer forming the inductance 
element (L) of the resonant circuit. 

4. The circuit as claimed in claim 3, wherein the Switches 
(S1, S2, S3, S4, S5) are electronic switches. 

5. The circuit as claimed in claim 3, wherein the first and 
second switches (S1, S2) are connected via the third switch 
(S3) to the Second pole of the Supply Voltage Source; 

wherein the third Switch (S3) is connected to the first pole 
of the Supply voltage Source via a current valve (D); 

wherein the current valve (D) serves as a freewheeling 
diode when the third Switch is not in the on state; 

wherein control terminals of the first and the second 
Switches (S1, S2) are connected to a positive feedback 
device; and 

wherein the third Switch is actuated by pulse trains in 
which individual pulses have a Switching period (T3= 
1:f3) and are enabled for the duration of the pulse 
widths (W2) of the pulsed dimming pattern. 

6. The circuit as claimed in claim 5, further comprising an 
AND element and a comparator, wherein the output of the 
AND element (A) is connected to a control terminal of the 
third Switch, a signal with the pulsed dimming pattern is 
applied to one input of the AND element and, to the other 
input of which AND element, there is applied an output of 
the comparator (K), and 

a Sawtooth- or triangular-waveform Signal at the Switch 
ing frequency (f3) is applied to a positive input terminal 
of the comparator and to a negative input terminal of 
which comparator there is applied a signal which 
corresponds to the actual or assumed lamp current (IL) 
or to a primary current (IB) of the Supply Voltage 
SOCC. 

7. The circuit as claimed in claim 5, wherein the positive 
feedback device comprises a coil (L1), which is wound onto 
the same coil body as the inductance element (L) and whose 
respective terminals are connected to the control terminals 
of the first and the second switches (S1, S2), respectively. 

8. The circuit as claimed in claim 3, further comprising a 
control device, wherein the first and the Second Switches 
(S4, S5) are connected to a second pole of the Supply Voltage 
source, wherein the first and second switches (S4, S5) are 
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connected by their respective control terminals to the control 
device (SE), wherein the control device (SE) alternately 
drives the Switches (S4, S5) with pulse trains whose indi 
vidual pulses have the Switching period (T3), and the 
duration (T5) of the individual consecutive pulses for one of 
the Switches (S4, S5) amounting to half the oscillation 
duration (T1) of the resonant circuit. 

9. The circuit as claimed in claim 8, wherein the Switching 
frequency (f3) is an even multiple of the operating frequency 

10. The circuit as claimed in claim 8, wherein the oper 
ating frequency (f1) approximately corresponds to a reso 
nant frequency of the resonant circuit. 

11. The circuit as claimed in one of claim 8, wherein, 
before or at the beginning of a pulse train intermission, the 
control device (SE, SL) simultaneously switches the first 
and the second Switches (S4, S5, S6, S7) on and then off 
again. 

12. The circuit as claimed in claim 8, wherein the control 
device (SE) regulates the pulse widths (W3) of the supply 
voltage Switching frequency (f3) as a function of the lamp 
Current. 

13. The circuit as claimed in claim 8, wherein the control 
device (SE) controls the pulse widths (W3) of the Supply 
voltage Switching frequency (f3) on the basis of a tempera 
ture of the lamp or of the Surroundings. 

14. The circuit as claimed in claim 8, wherein the control 
device controls the pulse width (W2) of the pulsed dimming 
pattern frequency (f2) as a function of the ambient bright 
neSS or a desired value transmitter. 

15. The circuit as claimed in claim 8, wherein a series 
inductor (LV) is arranged between one pole of the Supply 
Voltage Source and the resonant circuit. 

16. The circuit as claimed in claim 1, wherein the lamp 
current desired value (IL) is predetermined as a function of 
the temperature of the fluorescent lamp or of the Surround 
IngS. 

17. A circuit for the dimming of a fluorescent lamp which 
operates at a specific operating frequency (f1), comprising: 

an apparatus for Switching the fluorescent operation on 
and off in a pulsed dimming pattern at a dimming 
frequency (f2), a pulse width (W2) of the pulsed 
dimming pattern being variable, and the dimming fre 
quency (f2) being less than the operating frequency 
(f1); and 

a pulse-width modulator for adjusting a fluorescent lamp 
current by Switching a Supply Voltage on and off at a 

5 

1O 

15 

25 

35 

40 

45 

8 
Switching frequency (f3) with a variable pulse width 
(W3), the Switching frequency (f3) being greater than 
the operating frequency (f1); further comprising 

two power Switches, a control device and a shunt resistor, 
wherein the two power switches (S6, S7) are arranged 
in the primary circuit of a transformer, and are driven 
in a push-pull manner by the control device (SL), 
wherein the shunt resistor (R1) connects respective 
terminals of the Switches (S6, S7) to ground, and 
wherein a Voltage drop acroSS the resistor is used for 
current regulation. 

18. The circuit as claimed in claim 17, further comprising 
a comparator, wherein the Voltage drop is passed via the 
comparator (K2) to the control device (SL), the Voltage drop 
being applied to a first input of the comparator (K2), wherein 
a reference Voltage is passed to a Second input terminal of 
the comparator. 

19. The circuit as claimed in claim 17, wherein the 
switches (S6, S7) are MOSFET transistors whose drains (D) 
are connected to a primary circuit (L) of the transformer and 
whose gates (G) are connected to the control device (SL), 
sources (S) of the two transistors (S6, S7) being connected 
both to the shunt resistor (R1) and to the comparator (K2). 

20. The circuit arrangement as claimed in claim 17, 
wherein, before or at the beginning of the pulse train 
intermission, the control device (SE, SL) simultaneously 
switches the first and the second switches (S4, S5, S6, S7) 
on and then off again. 

21. The circuit as claimed in claim 20, wherein the control 
device (SE) regulates the pulse widths (W3) of the supply 
Voltage Switching at the frequency (f3) as a function of the 
lamp current. 

22. The circuit as claimed in claim 20, wherein the control 
device (SE) controls the pulse widths (W3) of the Supply 
voltage Switching at the frequency (f3) on a basis of the 
temperature of the lamp or of the Surroundings. 

23. The circuit as claimed in claim 20, wherein the control 
device controls the pulse width (W2) of the pulsed dimming 
pattern at the frequency (f2) as a function of the ambient 
brightness or a desired value transmitter. 

24. The circuit as claimed in claim 20, wherein a series 
inductor (LV) is arranged between one pole of a Supply 
Voltage Source of the Supply Voltage and a resonant circuit. 

k k k k k 


